
Abstract-The research was aimed at studying the effectiveness of duckweed as a coagulant/disinfectant in the treatment of water and wastewater. Water sample was obtained from River Benue and duckweed was harvested near a residential area in Makurdi Town, Nigeria. Laboratory experiments were carried out using dosage, pH, temperature, initial concentration and Flocculating Speed as variables for both disinfection and coagulation. Results obtained revealed that, the optimum conditions with respect to disinfection (bacteria load removal) were; Dosage=0.4ml, pH=9, Temperature=30°C, Initial concentration=300µm and Flocculating speed=90rev/min, with highest percentage removal of 91% and 82% for the filtrate and powder respectively. For coagulation (turbidity and suspended solid removal), the optimum conditions were; Dosage=0.2ml, pH=5, Temperature=30°C, Initial concentration=633FTU and Flocculating Speed=90rev/min with the highest percentage removal at 84.3% and 80.4% for duckweed filtrate and powder respectively. It is recommended that, duckweed filtrate and powder should be used in water purification for drinking and greywater respectively. Index Terms-Coagulation; Duckweed; Disinfection; Extracts; Suitability.
I. INTRODUCTION
The use of appropriate and low cost technology for the treatment of drinking water in the developing world has been a major concern in the present age. The major reason is the cost of transporting these water treatment chemicals and other materials. This problem can either be solved by producing indigenous treatment materials, either by local production of chemicals, or the use of alternative locally available treatment materials. One example of the alternative is the use of Duckweed in water coagulation and disinfection [1] .
Water treatment is a process of making water suitable for its application or returning its natural state. Water purification usually comprises of water clarification and disinfection processes [27] . A series of processes are often involving in the conventional water treatment which includes; coagulation, flocculation, sedimentation, filtration and disinfection, depending on the desired water quality treated, the costs of different treatments and the size of water system [2] , [14] , [19] .
Coagulation is considered as the process in which particles in water clumped together to form larger particles, called floc [22] . Adjustments are often required in order to maximize the coagulation/flocculation process in an ideal water treatment plant. These adjustments are a reaction to changes in the raw water entering the water treatment plant [8] .
The variation in pH range depends on the coagulants used, but is usually between 5 and 7 [3] , [10] . A high alkaline water is preferred for coagulation since it tends to have more positively charged ions to interact with the negatively charged colloids [24] , [12] . Poor floc formation may occur when the challenge of coagulating low turbidity water arises due to the difficulty of inducing collision between the colloids [3] , [10] . Cold water temperature affects evenly dispersion of coagulants in water, which requires more dosage for effective coagulation [17] .
Scientific report shows that; water treatment chemicals are effective but exposure to chemicals during coagulation with metal salts could be associated with adverse health effects [17] . Some of these chemicals could induce Alzheimer's disease and other related water diseases like aluminum sulphate [20] , [2] some have neurotoxicity and strong carcinogenic properties [6] , [12] .
Disinfection is the treatment of the effluent for the destruction of all pathogens. Turbidity of the water influences disinfection primarily through influencing the chlorine demand [3] , [10] . Disinfectants like chlorine dioxide, ozone etc are also associated with the formation of disinfection by-products (DBPs) that are toxic compounds that also impart taste and odour [15] , [23] , [28] . These also produce nitrite that causes methaemoglobinaemia in infants [4] , [29] .
Duckweed is a general nomenclature given to the simplest and smallest flowering plant that grows on fresh or polluted water, where researches are on to understand their biochemical mechanisms [16] . This economic plant through studies, is reported to release compounds that contain insecticide inhibition properties particular to the larval stages of mosquitoes. This makes Duckweed aquaculture development an important tool in the wet tropics as it may have implications for mosquito control in rural areas where malaria is again becoming a serious problem [1] . Some researchers suggested the use of Lemna minor extracts as an active ingredient in the inhibition of Staphylococcus aureus growth [7] , [18] . Researchers have reported that, there is high level of lysine in duckweed [5] . Lemna protein has lower lysine content considerably below that of soybean protein for different uses [26] , [11] .
The use of natural materials to compete effectively with the commonly used water chemicals has been a challenge [21] . But recently, there has been a serious concern for the Suitability of Lemna Trisulca (Duckweed) in Water Purification use naturally occurring alternatives to currently used coagulants for water treatment in developing countries [13] , mainly due to cost of inorganic chemicals, and other disinfectants [25] . The search for disinfectants that are cheap, maintain acceptable microbiological quality and avoid chemical risks is of great concern in the water treatment industry. This work is aimed at determining the effectiveness of duckweed as a coagulant/disinfectant in water purification.
II. METHODOLOGY
In carrying out the work, Duckweeds were collected from Makurdi, Benue State; while, Raw water was collected from the banks of River Benue. Laboratory analysis was done using the following: HACH direct reading spectrophotometer model DR2000 for turbidity, and suspended solids. Thermometer -used for measuring temperature. Hanna digital pH meter was used for pH and Total coliform bacterial using standard methods.
A. Preparation of the Novel Coagulant/Disinfectant
Duckweeds were harvested and properly washed with distilled water. The disinfectant and coagulant were prepared by pulverising duckweed and obtaining a filtrate by squeezing the sample with palms. A second portion of the harvested duckweed was properly sundried, then pounded and grinded using a blender to obtain fine particle sizes in powder form.
B. Application of Duckweed in Coagulation
i. Effect of pH 100ml of raw water was measured in 5 beakers containing different pH levels of 3,5,7,9 and 12 and flocculated for 10mins using the already prepared Duckweed filtrate as the coagulant it was then allowed to settle undisturbed for 30mins. The settled water was analyzed for residual turbidity and suspended solid according to standard methods. The pH of the solution in the beaker containing the settled water with the lowest turbidity and suspended solid was considered as the optimum pH. The above method was repeated using Duckweed powder as a coagulant.
ii. Effect of Dosage 100ml of raw water having the optimum pH was measured into 5 different beakers. The use of sterile 10ml pipette was employed to inoculate 0.2ml, 0.6ml, 0.8ml, 1.2ml, 1.4ml respectively of the coagulant and then dosed into the different beakers. Another five 100ml samples of raw water was flocculated using Duckweed powder as a coagulant. Varying doses of the powder of 0.5g, 1g, 2g, 3g and 4g respectively were also dosed into the 5 different beakers then flocculated for 10minutes and allowed to stand undisturbed for duration of 30minutes. At the end of this period, the particles and contaminants had settled the beaker with the lowest turbidity and suspended solid was considered as optimum dose.
iii
. Effect of Temperature
The optimum dose and best pH obtained above were used to investigate the effect of temperature on coagulation. The samples were prepared with duckweed filtrate in 5 beakers and flocculated at temperatures of 250C, 300C, 350C, 400C and 450C for 10minutes; they were allowed to stand for 30mins undisturbed. The procedure was repeated using the Duckweed powder. The beaker having the lowest turbidity and suspended solid was considered as the optimum temperature.
iv. Effect of Turbidity
The optimum pH, dose and temperature obtained were as well used to determine the effect of initial concentration of turbidity on coagulation. The coagulant was used to vary turbidity at different initial concentrations i.e. 242FTU, 273FTU, 409FTU, 633FTU, 789FTU and then flocculated after which it was allowed to settle for 30mins. The above procedure was repeated using Duckweed powder. The lowest turbidity and suspended solid was chosen to be the best initial concentration for turbidity at different FTU (unit).
C. Application of Duckweed in Disinfection
i. Effect of pH 100ml of raw water were measured in 5 beakers containing different prepared pH levels of 3,5,7,10 and 12 and flocculated for 10mins using the duckweed filtrate and allowed to settle for 30mins. Coliform test was carried out for each sample and results were recorded after 24 to 48hours of incubation. The beaker that had the lowest bacteria load was found using the MPN technique and considered as the optimum pH. The above procedure was repeated using the Duckweed powder.
ii
. Effect of Dosage
The best pH gotten above was used to investigate the effect of dosage in disinfection. The samples were prepared in using duckweed powder in 5 beakers (200ml each). The varying dose of 0.5g, 1g, 2g, 3g and 4g were added in the different beakers. With respect to filtrate, 200ml of raw water was put in 5 beakers with the varying dose of 0.1ml, 0.2ml, 0.4ml, 0.6ml, 0.8ml added to the different beakers. Then flocculated for 10 minutes and allowed to settle for 30minutes. The beaker with the lowest bacteria load was considered as optimum dosage.
. Effect of Temperature
The best pH and dosage were used in five beakers containing 100ml of raw water each. Using the Duckweed powder, it was then flocculated for 10mins at varying temperatures. The lowest bacteria load was considered as the optimum temperature. This method was repeated using the Duckweed filtrate as a disinfectant. Fig. 1 shows that, pH had an effect on reducing turbidity and suspended solid from water during coagulation. The trend indicates that the highest percentage of turbidity and Suspended Solids removed was at a pH of 5 with corresponding values of 90.2% and 58.4% respectively. This shows that, Duckweed filtrate coagulates better at slightly acidic concentration reducing the pollution level from 13.7FTU to 4.3FTU and 43mg/l to 12.8mg/l for turbidity and Suspended Solids respectively, which is within the WHO limit for drinking water. 
III. RESULTS AND DISCUSSION

A. The Analysis of using Duckweed Filtrate as a coagulant in water treatment i. Effect of pH
ii. Effect of Dosage
The amount of dose of duckweed filtrate used in coagulation had an effect on turbidity and Suspended solids as seen in Fig. 2 . It depicts that a minimum dose of 0.2ml is required to obtain the highest percentage removal of turbidity and Suspended Solids with corresponding values of 55.9% and 42.9% respectively. An increase in dosage brought about a decrease in turbidity and Suspended Solids. It is economical as it coagulates at less dosage. 
iii. Effect of Flocculating Speed
The percentage of turbidity and Suspended Solids values removed at the optimum flocculating speed (90rev/min) were 73.9% and 71.4% respectively as shown in Fig. 3 . This shows that, the percentage of turbidity removal was high as compare to the Suspended Solids thereby reducing the pollution level of the raw water from 13.7FTU to 4.1FTU at a moderate flocculating speed of 90rev/min, which is very economical. 
iv. Effect of Initial Concentration
The initial concentration of turbidity was analyzed with respect to percentage of turbidity and Suspended Solids removed using duckweed filtrate as coagulant. From Fig. 4 , the optimum initial concentration of 633FTU was observed and the corresponding value of percentage removed was 66.3% (turbidity) and 83.7% (SS). 
v. Effect of Temperature
The effect of temperature on turbidity and Suspended Solids removal from water is depicted in Fig. 5 . Increase in temperature led to high percentage removal of turbidity and Suspended Solids values of 86.2% and 83.7% respectively, at optimum temperature of 30°C for effective coagulation using duckweed filtrate. From Fig. 6 , duckweed powder was used to investigate the effect of pH on turbidity and Suspended Solids. It depicts that, the effect was not significant because of the chemical composition of duckweed powder, particles could not form flocs easily as in the case of duckweed filtrate therefore leaving a large amount of suspended particles. More effect was observed as the highest percentage of turbidity and Suspended Solids removed was at a pH of 5 with corresponding values of 45.6% and 38.2% respectively. 
B. The Analysis of Using Duckweed Powder as A Coagulant in Water Treatment i. Effect of pH
ii. Effect of Dosage
The effect of dosage can be seen in Fig. 7 , an increase in the amount of dosage brings about a proportional increase in turbidity and Suspended Solids thereby having separate percentage removals of 70% and 59.2% respectively. The best dose was seen at 1.0g which for this study is economical. Fig. 7 . Effect of Dosage on SS and Turbidity Removal using Duckweed Powder.
iii. Effect of Flocculating Speed
In Fig. 8 , it was observed that, the highest percentage removed which is 72.5%(turbidity) and 63.3% (SS) was at the Flocculating Speed of 90rev/min. The effect of Flocculating Speed on coagulation using duckweed powder was noticeable as the value of turbidity and Suspended Solids reduced. 
iv. Effect of Initial Concentration of Turbidity
The removal of turbidity and Suspended Solids using various initial concentrations of turbidity in ascending order can be seen in Fig. 9 . The trend indicates the optimum initial concentration at 242FTU. Fig. 10 indicates that, temperature had an effect on turbidity and Suspended Solids values. As the temperature was increased, the value of turbidity and Suspended Solids also increased using duckweed powder as a coagulant. The percentage removed was 75.2% and 71.4% respectively with optimum temperature of 30°C . 
v.Effect of Temperature
C. Results of Disinfection
The following presents the analysis of results gotten from the study using duckweed as a disinfectant for water treatment.
i. Effect of pH pH had an effect on the bacteria load using duckweed filtrate and powder as disinfectant as shown in Fig. 11 . The treated water pH was observed to be alkaline having the maximum bacteria removal at pH of 9, which was believe to be the biochemical nature of the alternative material. The optimum percentage removal of bacteria load was 92.2% and 88.2% for duckweed filtrate and powder respectively. This shows that Duckweed filtrate is more active than powder. Fig. 12 shows that, the amount of dosage used had an effect on bacteria load as there was a decrease in bacteria load as the dosage was increased. The most economic and optimum dose of 0.4ml gave 98% percentage Bacteria removal, while, 2g (0.4ml) was considered as the optimum dosage with 88.2% Bacteria removal using duckweed filtrate and powder respectively. iii. Effect of Flocculating Speed Fig. 13 indicates the effect of flocculating speed on bacteria load. Increase in flocculating speed brought about an increasing in the percentage of bacteria removal up to a maximum of 90 rev/min. It was observed that, 96.4% and 84.3% bacteria load was removed using duckweed filtrate and powder respectively as disinfectants, both at an optimum flocculating speed of 90rev/min. 
ii. Effect of Dosage
iv. Effect of Initial Concentration
It was generally observed that, the percentage of bacteria removal decreases as the initial concentration increases as shown in Fig. 14 . This indicates that the initial concentration of bacteria load has an effect on the final bacteria load likewise percentage removed. 95.7% and 88.2% bacteria removal was noticed at an optimum initial concentration of 350µm using duckweed filtrate and powder respectively. 
v. Effect of Temperature
The removal of bacteria load at various temperatures is shown in Fig. 15 . A maximum of 96.1% bacteria load was removed at the temperatures of 35°C, 40°C and 45°C, 94.6% at 30oC using duckweed filtrate, and 88.2% at 30oC using duckweed powder. But 30°C was considered as the optimum temperature as it gave the most economic temperature for the bacteria load removal. 
IV. CONCLUSION
Duckweed plant is evidently an effective coagulant and disinfectant. The optimum conditions of pH, dosage, initial concentration, flocculating speed and temperature of the treated water was determined based on the performance of duckweed as a coagulant/disinfectant. During the course of the work, the Duckweed filtrate and Duckweed powder were used to treat different samples of water. The test showed that, treatment of water using duckweed filtrate had an edge over the duckweed powder with average percentage bacteria removal of 91% and 82% for the filtrate and powder respectively, giving a reduction in bacteria load from 6cfu/ml to 0cfu/ml for duckweed filtrate and 6cfu/ml to 1cfu/ml for duckweed powder. For coagulation (turbidity and suspended solid removal), the average percentage removal was 84.3% and 80.4% for duckweed filtrate and powder respectively. With this natural plant, the human society can have a cheap, consistent supply of high quality water all year round because of its availability. It is recommended that, Duckweed filtrate and powder should be used in water purification for drinking and greywater respectively, since the filtrate is more effective than the powder. Water treated with Duckweed should be flocculated and left to stand undisturbed for at least 30 minutes before usage for optimum performance. 
